Background/Objectives: To investigate the effects of body size and sociodemographic characteristics on differences between self-reported (SR) and measured anthropometric data in men and women. Subjects/Methods: This study comprises 9933 men and 11 856 women aged 39-79 years at baseline survey (1993)(1994)(1995)(1996)(1997) in the EPIC-Norfolk study (Norfolk arm of the European Investigation into Cancer and Nutrition Study). The effects of sex, measured height, weight, age group, educational level and social class on differences between SR and measured weight, height, body mass index (BMI), waist, hip and waist-to-hip ratio (WHR) were examined. Results: There were systematic differences between SR and measured anthropometric measurements by sex, measured height, weight and sociodemographic characteristics. Height was overestimated in both sexes while weight, waist, hip, and consequently, BMI and WHR were underestimated. Being male, shorter, heavier, older, and having no educational qualifications and manual occupation were independently associated with overreporting of height, and underreporting of weight was associated independently with being female, shorter, heavier, younger age, and higher education level and social class. Underreporting of waist circumference was strongly associated with being female and higher measured waist circumference, while underreporting of hip circumference was associated with being male and higher measured hip circumference. Furthermore, there was substantial degree of misclassification of BMI and waist circumference categories for both general and central obesity associated with SR data. Conclusions: These findings suggest that errors in SR anthropometric data, especially waist and hip circumference are influenced by actual body size as well as sociodemographic characteristics. These systematic differences may influence associations between SR anthropometric measures and health outcomes in epidemiological studies.
Introduction
Anthropometric measures are widely used in epidemiological studies as indicators of obesity, with body mass index (BMI), a weight-related measure, being the most frequently used. More recently, however, measures of body fat distribution, especially abdominal fatness, as reflected by waist circumference or waist-to-hip ratio (WHR), have been suggested as a better indicator of the adverse metabolic effects of obesity (Snijder et al., 2006) . A wide range of disease outcomes, especially chronic noncommunicable diseases have been examined in relation to obesity using either BMI or WHR in numerous studies (Pischon et al., 2006; Vazquez et al., 2007; Huxley et al., 2010) and the World Health Organization (WHO) has recently convened a consultation to discuss cut-points for waist circumference and WHR (Nishida et al., 2009) .
As a result of practical constraints, many large epidemiological studies have relied on self-reported (SR) anthropometric measures. Several studies report that in western societies, where tallness and leanness are socially desirable, heavier participants tend to overreport height and underreport weight, resulting in an underestimated BMI (Cullum et al., 2003; Gorber et al., 2007) . There are only a few small studies, which have examined the accuracy of SR waist or hip circumferences (Spencer et al., 2004; Dekkers et al., 2008) . There is also evidence that error in SR measurements is differential and is influenced by actual body size and certain demographic factors (Gunnell et al., 2000; Spencer et al., 2002) . Nonetheless, very little is known about the role of sociodemographic factors, such as educational level and social class on misreporting anthropometry, although socioeconomic status has been consistently related with body size (Sanchez-Vaznaugh et al., 2009) . Furthermore, epidemiological data on misreporting of waist or hip circumferences are sparse, especially data with sufficient sample size and meaningful sociodemographic range.
Anthropometric measures are of interest as risk factors for a variety of health outcomes, as endpoints for interventions, such as diet and physical activity, and as confounders to be taken into account in epidemiological studies. It is therefore important to understand reporting errors in anthropometric measures, which can lead to biased estimates of the relationship between body size, shape and health outcomes.
The aims of this large British population study were (1) to examine the association between SR and measured height, weight, and waist and hip circumferences, and derived BMI, and WHR, (2) to examine the magnitude of any systematic errors in SR anthropometric measures relating to actual body size and sociodemographic characteristics and (3) to investigate the misclassification of individuals according to SR BMI and waist circumference when standard classifications for general obesity and central obesity are used.
Materials and methods

Study population
The participants were part of a prospective study of 25 639 men and women aged between 39 and 79 years who were residing in Norfolk, UK. The cohort was recruited between 1993 and 1997 as part of the European Prospective Investigation into Cancer and Nutrition (EPIC) study (Riboli and Kaaks, 1997) . The design and study methods have been described previously (Day et al., 1999) . Briefly, participants were recruited through 35 collaborating general practices in the county of Norfolk. As virtually all people in the United Kingdom are registered with general practitioners through the National Health Service, the age-sex registers form a population-based sampling frame (Day et al., 1999; Khaw et al., 2008) . From 77 630 postal invitations, 30 445 individuals consented to participate in the study and completed a Health and Lifestyle questionnaire and a questionnaire for 24-h diet recall. Of these 30 445 participants, a total of 25 639 participants attended the health examination, wherein anthropometric measures were taken (Day et al., 1999) .
Assessment of anthropometric data and other covariates SR anthropometric measures were obtained from a Health and Lifestyle questionnaire, which was posted to participants for self-completion shortly after recruitment to the study. Participants were asked to report their body size using the questions 'What is your height?', 'How much do you weigh now?', 'What is your waist size?', and 'What is your hip size?', with response options of 'feet/inches, don't know' for height; 'stones/pounds, don't know' for weight; and 'inches, don't know' for waist and hip circumferences. There were no specific instructions given to participants as to how to take the measures. These self-completed questionnaires were returned by post.
Anthropometric measurements were obtained at a baseline health examination within 2 months of completing the questionnaire. Trained nurses took measurements on individuals in light clothing without shoes using a standard protocol. Height was measured to the nearest 0.1 cm using a free-standing stadiometer (Chasmors Ltd, London, UK). Weight was measured to the nearest 100 g using digital scales (Salter, Tonbridge, UK). BMI was calculated as weight in kilograms divided by height in meters squared (kg/m 2 ).
A D-loop non-stretch fiberglass tape was used for the circumference measures. Waist was measured as the smallest circumference between the ribs and the iliac crest to the nearest 0.1 cm while the participant was standing with the abdomen relaxed, at the end of a normal expiration. Where there was no natural waistline, the measurement was taken at the level of the umbilicus. Hip was measured at the maximum circumference between the iliac crest and the crotch while the participant was standing and was recorded to the nearest 0.1 cm. WHR was calculated as waist circumference divided by hip circumference.
Educational status was based on the highest qualification attained and was categorized into four groups: oO-level or no qualifications, O-level or equivalent, A-level or equivalent, and degree or equivalent. O-level indicates educational attainment to the equivalent of completion of schooling to the age of 15 years, and A-level indicates educational attainment to the equivalent of completion of schooling to the age of 17 years. Degree or equivalent indicates any post-school qualifications after completion of A-levels or equivalent.
Social class was defined according to the Registrar General's occupation-based classification scheme across six categories (Elias et al., 1993) . Social class I consists of professionals, class II includes managerial and technical occupations, class III is subdivided into non-manual and manual skilled workers (IIInm and IIIm), class IV consists of partly skilled workers and class V comprises unskilled manual workers. Seventy participants were coded as unclassified and were excluded from the analyses. For men, social class was coded using their own occupation except when they were unemployed or retired in which case their partner's social class was used. Unemployed men without partners were unclassified. Social class in women was based on their partner's except when the partner's social class was unclassified, missing, or they had no partner in which case social class was based on their own occupation. An unemployed woman without a partner was coded as unclassified (Shohaimi et al., 2003) .
Statistical analyses
Measured and, much more commonly, SR anthropometric data were missing for some individuals. Of the 25 639 participants who attended the health examination, a total of 21 789 (9933 men and 11 856 women) had complete information on both SR and measured height weight and formed the basis of this analysis. A total of 40 (0.2%) and 32 (0.1%) individuals were missing measured height and weight respectively, and 1160 (4.5%) and 3024 (11.8%) were missing SR values. Information on both SR and measured waist, hip and WHR was available for 19 970 (92%), 16 843 (77%) and 16 659 (76%), participants, respectively. A total of 33 (0.1%) and 53 (0.2%) individuals were missing measured waist and hip circumference respectively, and 2449 (9.6%) and 6203 (24%) were missing SR values.
As the validity of SR and measured anthropometry may differ by sex (Stewart, 1982) , data were analyzed separately for each sex. The means of SR and measured anthropometrics were compared using paired sample t-tests. Pearson correlation coefficients between SR and measured anthropometrics were calculated to evaluate concordance between the two measures. The mean difference between SR and actual measures (SR minus measured value) was calculated for height, weight, BMI, waist, hip and WHR. BMI and WHR calculated from SR height, weight and waist, hip data are referred to as SR BMI and SR WHR, respectively. Simple associations between categorical covariates were assessed using Pearson's w 2 tests for two independent proportions. For the continuous variables, differences in means were compared using t-tests. Analysis of variance was used to examine how the mean difference between SR and measured anthropometrics varied with sex-specific quintile of measured height and weight, age at recruitment, and categories of educational level and social class.
Multivariate linear regression models were fitted in order to examine the association between differences in SR and measured anthropometrics (the response variable) and the following participant characteristics (the explanatory variables): sex; measured height (per 6 cm increase, approximately 1 s.d.); measured weight (per 12 kg increase, approximately 1 s.d.); age (per 5 years increase); educational level; and social class. Additional adjustment for history of cancer, heart attack and stroke was also investigated.
We compared the classification of individuals by SR and measured values into pre-defined categories of BMI and waist circumference, described below, using cross-tabulation of the two sets of classifications. We used the standard BMI cut-offs which are: o18.5 kg/m 2 (underweight), 18. (Alberti et al., 2005) . Agreement between classifications in pre-defined categories using SR and measured values for BMI and waist circumference was tested using kappa statistics (Cohen, 1960) . All statistical tests were two-sided, and P-values o0.05 were considered statistically significant. Analyses were performed with the statistical software package STATA (version 10, Stata Corp., College Station, TX, USA). Table 1 shows selected baseline sociodemographic characteristics of participants by sex. The distribution of age, educational level and social class was significantly different in men and women.
Results
The mean values of SR and measured anthropometric data, their mean differences (SR minus measured values) and correlations between the two are shown in Table 2 . Participants tended to overreport their height and underreport their weight and waist, and hip circumferences. Consequently BMI and WHR were underestimated in both sexes. The extent of underestimation in weight, BMI, waist and hip circumferences, and WHR was greater in women than in men. SR and measured height, weight, and BMI were highly correlated in both sexes whilst correlations were lower for waist and hip. Correlations between SR and measured WHR were particularly poor in both sexes. Table 3 shows the mean differences between SR and measured anthropometrics across subgroups of measured body size and sociodemographic characteristics in men and women. There were some differences between SR and measured values across quintiles of measured height, weight, and age groups, and categories of social class and educational level in both men and women. Overreporting of height was greatest among the shortest in both sexes. The extent of overreporting of height increased with measured weight in women but not in men. There was greater overestimation of height at older ages in both sexes. Height overreporting also tended to be greater with lower educational level in men and lower social class in women. There is a strong association between measured weight and differences between SR and measured weight, with heavier participants underreporting to a greater degree. Weight underreporting tended to be greater in participants with higher educational level in women. BMI was underestimated to a greater degree among shorter, heavier, older participants and those with lower educational level. The extent of underreporting of waist circumference markedly increased with increasing measured weight, especially in women. Men in younger age groups tended to underreport their waist more than those in older age groups, but this was not the case in women. Waist was greatly underestimated in women with lower educational level and social class. Hip circumference was underreported among taller, heavier, younger participants, and those with higher educational level in both men and women. Overall, WHR was underestimated to a greater extent in women than in men, especially among shorter, heavier, older women, and those with lower educational level and lower social class. Table 4 shows the results from multivariate linear regression models. Being male, shorter, heavier, older, and having no educational qualification and manual occupation were independently associated with overreporting of height in a multiple linear regression model. Increasing weight underreporting, on the other hand, was associated independently with being female, lower measured height, higher measured weight, younger age, and higher education level and social class. Underreporting of waist circumference was most strongly significantly associated with being female and higher measured waist circumference, while underreporting of hip circumference was most strongly associated with being male and higher measured hip circumference. The misreporting of waist and hip circumferences was not significantly associated with educational level and social class after adjustment for the other variables. These systematic differences in misreporting of anthropometric measures by sex, current body size and sociodemographic characteristics were independent of prevalence or history of cancer, heart attack or stroke (data not shown).
The distribution of participants across the categories of BMI (n ¼ 21 789) and waist circumference (n ¼ 9196 for men, n ¼ 10 774 for women) differed in the SR and measured data ( Table 5 ). Out of 9892 individuals who were overweight according to measured BMI, 6987 (71%) were classified as overweight using SR values. Similarly, only 63% of the Bias in self-reported anthropometry JY Park et al Bias in self-reported anthropometry JY Park et al participants who were obese according to measured BMI were correctly classified as being obese using SR values. On the other hand, 96% of participants who were in normal ranges of BMI were correctly classified using SR values. The kappa statistics for agreement between SR and measured BMI was 0.66 (Po0.001). Among men with measured waist circumference X94 cm, only 56% were correctly classified as such using SR values, while 58% of women with measured waist circumference X80 cm had a SR waist circumference within this range (Table 5 ). The kappa statistics for agreement between SR and measured waist circumference were 0.48 in men and 0.52 in women (Po0.001).
To assess the potential impact of missingness in SR measurements, we further investigated characteristics and missing response patterns of participants with missing SR measures of height, weight, and waist and hip circumference from the all participants who attended the baseline health examination and have their anthropometry measured by trained nurses (total n ¼ 25 639). Table 6 shows comparisons of age and measured anthropometrics among individuals with and without SR measures for height (n ¼ 25 599, 0.2% had missing data for measured height), weight (n ¼ 25 607, 0.1% had missing data for measured weight), waist (n ¼ 25 606, 0.1% had missing data for measured waist circumference) and hip (n ¼ 25 586, 0.2% had missing data for measured hip circumference), separately among men and women. Men with missing SR height were significantly older, heavier, taller, and had higher measured waist and hip circumference. Women who did not report their height, on the other hand, were significantly older, shorter, and had higher measured waist circumference. Men and women with missing SR weight had substantially higher measured body weight and higher waist and hip circumference compared with those who did report their weight. Men who did not report waist circumference showed little difference in age and measured body size compared with men who did, while women who did not report their waist circumference were significantly younger, heavier, and had substantially higher measured waist and hip circumference. A similar pattern was seen in men and women who did not report their hip circumference. As noted earlier, there were also some individuals who attended the health examination but have missing measured anthropometric data. However, the numbers of individuals with SR but not measured values are so small that we did not investigate this further and it is highly unlikely that this affected out results.
Discussion
To our knowledge, this is the largest population-based study evaluating differences between SR and measured anthropometric data, including waist and hip circumferences. In this study, we found strong independent effects of actual body size as well as age, educational level, and social class on the differences between SR and measured height, weight, waist and hip circumference, and consequently BMI and WHR in both men and women. Furthermore, there was substantial degree of misclassification of BMI and waist circumference for both general and central obesity associated with SR data. Bias in self-reported anthropometry JY Park et al Validation studies for SR weight, height and BMI have been conducted in large studies (Kuczmarski et al., 2001; Villanueva, 2001; Stommel and Schoenborn, 2009) , and a comprehensive review of 64 studies on comparisons between SR and directly measured weight or height confirmed that heavier participants tend to overreport height and underreport weight, resulting in an underestimated BMI (Gorber et al., 2007) . However, so far, only a few small studies have examined the accuracy of SR waist and hip circumferences and WHR (Kushi et al., 1988; Han and Lean, 1998; Spencer et al., 2004) . These studies were limited in size and hence constrained in their ability to examine systematic differences in population subgroups stratified by measured body size and sociodemographic characteristics. In our study, larger systematic differences between SR and measured anthropometrics were observed in various subgroups: shorter people overestimated their height more than taller people; heavier people underreported their weight and waist and hip circumference more than lighter people; the extent of underreporting weight and waist and hip circumferences was greater in women than in men while the extent of overreporting height was greater in men; older people greatly overreported their height while younger people underreported their waist and hip circumference; participants with higher educational level or with higher social class underestimated their weight while those with lower educational level or lower social class overestimated height. In this study, we did not make any correction for the fact that we performed a large number of tests. Statistically significant associations should therefore be judged with some care in the context of the number of tests performed.
The association between age and misreporting of height could partly have a physiologic explanation as people may report their young adult height, and height is known to decline with age (Snijder et al., 2006) . The underreporting of weight and waist circumference, especially in women, appears to be in the direction of societal ideals (Greenberg et al., 2003) . Misreporting anthropometrics, especially weight and waist circumference may further be compounded by global social trends in which obesity is inversely related to levels of income and education (Sobal, 2002) . Although the more severe weight underestimation found in women with higher educational level may reflect their stronger desire for thinness (Visscher et al., 2006) , waist circumference underestimation was observed to be greater among participants with lower educational level and social class. In our study, there were no specific instructions given to participants as to how to take the measures. A previous study showed that people underestimated their waist circumference to a lesser degree when specific instructions were provided (Han and Lean, 1998) . It is therefore possible that inaccurate reporting of waist circumference may be lessened by provision of specific instructions and relevant instruments.
One of the strengths of this study was our ability to investigate a range of anthropometric information from a large number of participants with complete and detailed sociodemographic data. Although a few studies have been conducted on the effect of factors influencing misreporting height, weight or BMI (Gunnell et al., 2000; Cullum et al., 2003) , such evidence for waist and hip circumference or WHR is particularly sparse, while these are increasingly used as measures of adiposity. The EPIC-Norfolk participants are similar to the general population in England in terms of anthropometric variables and social class distribution (Day et al., 1999) .
Some limitations of the study should be discussed. In the regression models, we assumed no error in the measured values. If measured anthropometrics are also subject to error then the differences between SR and measured data on the same participant may be correlated with the true value of the measure, which could lead to bias in the estimation of the association between covariates and main differences (Gunnell et al., 2004) . Our measurements of anthropometric data were taken by trained nurses using a standard protocol, with circumference measures being taken at least twice. For participants with no natural waistline, the use of the level of the umbilicus may not be a good indicator of the true waist circumference. Although there are several different protocols available for measurement of waist circumference, we believed it was more important to select a standardized protocol rather than relying on variable judgments. The assumption of no error in measured values was therefore thought to be broadly valid. In our study, the SR measurements were obtained from the Health and Lifestyle questionnaire, which was completed before the clinic visit at which anthropometric measurements were made. It is therefore possible that some participants may have gone through weight changes. However, the time lapse between those two measures was o2 months and in most cases within a month. We therefore thought it unlikely that many participants would have achieved significant weight changes within this time. We also acknowledge that waist, hip and WHR information was not available for all study participants. However, it seems unlikely that this missingness could invalidate our results, unless those who were non-responders had associations opposite in direction and of similar magnitude to those found within the study, which seems implausible.
Although some studies have concluded that self-measured anthropometry is satisfactory (Bolton-Smith et al., 2000; Spencer et al., 2002; Wada et al., 2005) , our study indicates systematic errors in reporting such measures by different body size and sociodemographic factors. In particular, waist and hip circumference was misreported to a greater extent than weight and height. Using SR measurements resulted in substantial misclassification of waist circumference based on cut-offs for central obesity. Consequently, studies comparing BMI and fat distribution measures in relation to health outcomes may have very different results depending on whether data were from self-reports or direct measurement. This is important as there is some debate as to whether a weight-related measure such as BMI or a fat distribution measure such as waist circumference or WHR more accurately reflects the metabolic and health consequences of obesity (Flegal et al., 2005; Pischon et al., 2008) . Errors in SR measurements could result in biased estimates of associations between anthropometric measures and obesity-related health outcomes in epidemiological studies. Furthermore, as Table 6 shows, participants who did not respond to the SR question for weight and waist circumference were more likely to be heavier and had higher measured waist and hip circumference compared with those who did. It is therefore possible that those non-responders to the SR questions are selectively underrepresented in studies relying on SR data. Thus, these non-responders need to be considered when the WHO develops international guidelines for waist-related indices.
The association of the difference between SR and measured anthropometrics with sociodemographic variables and measured body size introduces further challenges to interpretation of data, and may account for some of the wide variations in reports on the relationship between different indices of obesity and health outcomes.
In summary, our study found that SR anthropometric data, especially waist and hip circumferences, were biased by actual body size as well as sociodemographic characteristics. Future reviews between anthropometric measures of adiposity and disease outcomes should therefore clearly indicate whether the anthropometrics are SR or measured and care should be taken when using SR anthropometrics in epidemiological analyses.
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